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ABSTRACT 

Satisfactory operation of automotive and diesel equipment during 
the Arctic winter cannot be attained without suitable lubricants. In addi- 
tion to the usual requirements of lubricity, oxidation stability, and deter- 
gency. crankcase oils are required with pour points below -65°F having 
viscosities sufficiently low (maximum 4500 cs) to allow easy starting 
at temperatures down to -65°F yet capable of maintaining ar. adequate 
lubricating film (minimum 4.75 cs at210°F) at  operating temperatures. 

Of the six crankcase oils tested at the Arctic Test Station, no sin- 
gle oil satisfied the viscometric requirements at both high and low tem- 
peratures. Bis(2-ethylhexyl) adipate, though sufficiently fluid at -65" T . 
was too light to prevent excessive wear in heavy-duty engines at oper- 
ating temperatures. The REO-15-47 oil and Keystone 20W containing 
40 percent Velo A upon the loss of the volatile diluent tended to revert 
to the high viscosities and pour points of the base oil and were unsuited for 
such applications. RFO-72-49 and Ucon LB-140X give adequate lubrica- 
tion at operating temperatures but require starting aids at temperatures 
of approximately -35"F and -25°F respectively. The pour point of the 
Ucon LB-140X makes it unsuitable for use where temperatures below 
-45"F are encountered. The RPM 5Woil will allow starts down to approxi- 
mately-30  F but excessive wear is reported at operating temperatures. 

No oils are available having the viscometric properties desired in 
a crankcase oil, therefore a compromise is required. A suitable com- 
promise oil should have a maximum pour point of -b5"F and be viscous 
enough at operating temperatures to prevent excessive wear. Its viscos- 
ity at subzero temperatures should be as low as possible consistent 
with the viscosity requirement at operating temperatures. The REO-27- 
-49 or MIL-0-10295(Ord) oils are such a compromise. Oils with lower 
viscosities at subzero temperatures can be obtained if a large propor- 
tion of synthetic oils arc used in their formulation. 

Arctic gear oils must have maximum pour and channel points of 
-65UF, and be able to support the loads developed by the gears. Addi- 
tives used in their formulation should not separate in use or in storage. 
Seven gear oils were tested at the Arctic Test Station. Ensign 561 and 
Navy Symbol 9500 have too high pour points to be considered for this appli- 
cation, and the Ucon LB-140X and LB-400X oils fail tu support the loads 
developed by the "ears. Keystone 78-6 and Ucon LD-!40X-6^ are useful 
to approximately -40" to -50°Fbutthe former showed indications of addi- 
tives separation at low temperatures. The KGO-28-47 or MIL-L-10324 
(Ord) gear oils performed satisfactorily in all equipment over temper- 
atures of *30°F to -50°F. This oil should be satisfactory down to -65°F 
since it is fluid at this temperature. 
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A LABORATORY  EVALUATION   OF LOW-TEMPER AT UR E 
LUBRICANTS FOR AUTOMOTIVE AND DIESEL EQUIPMENT 

INTRODUC1 'ON 

Conventional lubricants are not suitable (or use in vehicles and engines .ii 
the temperatures encountered during the Arctic  winter because of their high pour 
points and excessive viscosities.    Since  it  is unlikely that  military supplies can 
be  housed in heated building,  it is necessary that the pour point of the  lubricants 
be as  low or preferably lower than the  lowest temperature  Tkely to be encountered, 
generally accepted  as   -65   F.     Unless  the  oil   has a  pour  point  as   low  as  the ambient 
temperature  it cannot be transferred Iron',  its container to the equipment in need 
of   lubrication. 

Another property desired in Arctic  winter i rani case oils  is that their viscosi- 
ty be  sufficiently low   so that adequate  cranking  speeds for  starting may be attained. 
Since   battery   efficiency   decreases   with  decreasing   temperature   and   ignition 
difficulties increase because of decreased fuel volatility and f lammability , the 
limiting viscosity  of the  crankcase  oil  also decreases  (IV     However,  a value  of 
4,500 centistokes (cs) or 20,000 Saybolt  Universal Seconds IS. U.S.)  is a  reason- 
able approximation of the limiting viscosity of an automotive crankcase oil at 
temperatures of 0  F and below.    Though less  information is  available for dicsel 
engines,   it is believed that the  limiting crankcase oil viscosity  is of the  same 
magnitude a s that for automotive engines.    At temperatures below -25  F the 
efficiency of  lead-sulfur ic acid batteries decrease so rapidly that they are  incap- 
able cf turning the engine .it  sufficient  speeds to obtain starts,  regardless of 
crankcase oil viscosity, unless  the  battery is    warmed to temperatures above 
-Z5°F. 

A satisfactory Arctic  winter crankcase oil must also provide adequate lubri- 
cation at operating as well as at starting temperatures.    Under "short haul" and 

RESTRICTED 
SECURITY INFORMATION 



NAVAL   RESEARCH   LABORATORY RESTRICTED 

idling conditions  in very cold weather, cr.in-u.ise temperatures art   much below 
normal and cases of the lubricant congealing in the crankcase have been renorted. 
Therefore,   the   viscosity   of   the   lubricant   must   not   be   so   Rre.it   that   it   cannot 
be pumped to the moving parts of the  engine      During  long hauls anrl on warmer 
days  the  crankcase temperatures  are  essentially normal   and  the  oil  must  have 
the lubricating ability of SAE grade 20 or  30 oils.    If an oil of too low a  viscosity 
at normal crankcase temperatures (cal75   I") is used, it will be impossible to 
attain normal  oil pressures, and  insufficient  lubricant  will  be  supplied to the 
moving parts.     There   is also the  possibility that a very   love  viscosity oil  will  not 
have  the  "body" to support  the  loads  developed  in the  engine      Another  possible 
difficulty with oils of  low viscosity and low molecular weight  is that they may be 
volatilized or. hot surfaces such as cylinder walls and thai  insuffu ient oil v.iii 
remain for adequate lubrication. 

In addition to the  special properties  required of  an  Antic   winter c rankcase 
oil, it should also have the properties  required of conventional  oils       I l.i *-c- 
include resistance to oxidation and to the formation of lacquer and other insoluble 
deposits.    The oil should have the ability to prevent the accumulation of such 
products, commonly known as detergency.    It  should not be corrosive- to bearing 
materials and  should  be able to protect ferrous metal parts from the  rusting 
action of water.    Neither  should the oil foam  badly or form  stable  foams. 

Conventional grade transmission and different.al  gear oils   ire also unsatis- 
factory for Arctic  winter use      Frozen transmissions and the inability to shift 
gears are common complaints when conventional  grade  lubricants are used      In 
an effort to prevent the congealing or  freezing of the  lubricant  lov,   freezing 
noint diesel fuels have been used as diluents for gear oils       rhough this expedient 
made the vehicles operable, the  increased maintenance caused bv higher leakage 
rates and increased wear made a  better  solution desirable 

In an effort to find the most desirable lubricants tot   Arctic   winter operation, 
a cooperative test program was  inaugurated.     The operational characteristics of 
a variety of experimental lubricants vcould be determined  in  Bureau of Yards and 
Docks equipment by tin- Arctic   Test Station,  Point   F'arrow, Alaska.    Samples of 
oil after varying periods of use  in the equipment  were  to be  forwarded  to the 
Naval Research   Laboratory  lor analysis to determine  the-  changes that  had taken 
place during use.    Prom the physical and chemical properties of th     oils and the 
changes in these properties during service use.  information as to their suitability 
for such operations and their approximate service  life could be obtained.    This 
information in conjunction with the information on operational characteristics was 
to be used as a guide  in selecting the  lubricants most suitable for Arctic  winter 
use. 
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DISCUSSION OF RESULTS 

The  results of the analyses of   the various experimental oils are given in 
Tables   1   tn   11  inclusive.    To facilitate discussion, the data are tabulated into 
grourts according to the application .mil the oil used.     These groups   ire further 
subdivided as to the vehicle or equipment in which the oil  was used.     Properties 
of the new unused oil are also shown  so that  the changes that took place during 
service may be more readily discernible.    As a greater number of samples and 
analyses are available  for  study    than were available  in the previous  reports 
(7) '8^, it is possible lo weigh the  results and to draw more definite com lusions. 
The conclusions presented here may not therefore be the  same as those based on 
a smaller number of observations in the previous reports. 

Crankcase t 11 s 

Properties of the i r ink« ase oils are shown in   1'ables 1 to 4      I hose of the 
synthetic polypropylene oxide derivative " Ucon I l'-140\"are given in Table   1 
This  oil  falls between SAE grades  S\\   and  10'A   .it  Q°F and  is a SAE  grade -0 
at 110   K    It was used in the i rankc ises of jeeps, weasels,  I.VTI J)'s and a D- ( 
["factor.    Ambient temperatures  ranged from  *24    to -47' i-  with - 12°}•   being 
considered .is the average ambient test temperature.     I he pour points of the used 
oils varied within   * 10   F of th.it of  the new   ml  I-4'i   !-' with but four exceptions. 
It is obvious from their viscometric properties that the two oils with pour points 
below   -7S">   (sample taken Q   29   4S from Jeep No    1  and sample taken   12/18/48 
from  Weasel  No,   -I were mislabcled or contaminated with a verv light oil       The 
two oils with pour points of  -o5   !   may be attributed to fuel dilution.. 

There wu.s  little change    n the viscosities of the used mis as lompared with 
those of the new  oil at temperatures of   ' 10    and  100   I'.    At  -40   !•", the viscosities 
of the used  oils  are  approximately   ^0  pen cut    greater   than  that  of  the  new   oil 
Increases in the  low  temperature viscosities of the used oils are attributed in 
part  to  the   solution  of  fuel  and  oil  oxidation and polymerization products      Such 
changes in viscosities of used oils at subzero temperatures are considered about 
normal.    No apprec table differences were  noted in the viscosity characteristic s 
of the oils used  in different  *ype engines      Evidence of the oxidation stability and 
extent of oxidative deterioration of oils may be obtained from the changes  in 
their fieut ra 1 i/.at ion numbers      In general, the used   Ucon   I  R-140X  oils  hid neutral- 
ization number increases of 0 7 and this was attained after considerable service 
u^e.    Such an increase  is iiol  unusual     md this ml is believed to have adequate 
stability. 

Precipitation numbers .ire evidence of the presence of oil  insoluble materials 
.Such products may  be formed by oil or fuel oxidation or may be extraneous    ma- 
terial such as road dust     In general, prei ipitation numbers mi reaped with the 
length of oil use.    However, the addition of  "make-up" oil mashed this  trend 
because of the diluent ac lion i-.f the new oil.     Insufficient  information is available 
to determine whether the  inc reases in neutralization numbers were due primarily 
to oil oxidation or to the presence of extraneous materials. 

The Ucon 1.R-140X oil appears to be in very good condition after use as a 
crankcase oil in the various engines,  showing no evidences of excessive oxidation 
or other for;ns of deterioration.     The Arctic   lest Station   reports (3) that weir 
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and consumption with this oil were considered normal. Because of its high pour 
point and high vi scosity at -40 F (30.000 to 50,000 cs) this oil is not suitable for 
Arctic- winter operations. It was somewhat more difficult to obtain engine starts 
when this oil was used than with lower viscosity oils. At -48 F one and one-half 
(1-1/2) hours of heat apnlcation, using a 250,000-Btu Herman-Nelson heater, 
were  required before  it was possible to crank a jeep lubricated with this oil. 

Properties of the used bis(2- ethylhexyl) adipate oils used as a crankcase 
lubricant for jeeps, weasels,  LVT(3)'s and a  D-ft tractor are given in Table 2. 
This  synthetic  dsester oil was obtained from two sources, that from  Dunont br- 
ing identified as  PSP-14 and that from    Ohio Apex Company as Adipol 2EH. 
Properties of the oils from different  sources are essentially identical.    This oil 
has a viscosity of llOcs at  0   F and  its viscosity at 210   F of 2.4 cs  is below   the 
minimum viscosity of   5.8ft is (39 S. U.S.) for SAF 5W oils.    It was selected for 
tests  in order to obtain information as to the lubricating ability of low-viscosity 
oils under Arctic    winter operating conditions and also for information as to the 
limiting viscosity for engine  starting.    Because of the  relatively high boiling 
point of this diester as compared with petroleum oils o!  similar viscosity .the 
results would not be confused hv  hitjh oil consumption or wear due to the evapora- 
tion of the oil from hot cylinder walls      Ambient temperatures  ranged from   - '0 

o to -50 F during tests. 

It is evident that the first used-oil  sample from Jeep No    2, taken on 9   29   48, 
is mislabeled or contaminated.    Subsequent samples tend to approach the proper- 
ties of bis( 2 -ethylhexyl) adipate because of the addition of  "make up" oil.    The 
sample taken l/l5/49 has properties almost identical with those of the nev.  oil 
except for neutralization number.    Samples taken from  Weasel 'Test No.   2) have 
viscometric properties  similar to those of the new oil.     There  is some evidence 
of dilution in the  samples taken 5/20 and 5/31/48 since their viscosities are 
lower than those of the unused oil     Some of the  samples from the other weasels 
show evidence of even greater fuel dilution.    A number of samples had  rather 
high neutralization numbers.     That taken from  Weasel No.   1 on 5/16/49 after 4^^ 
hours and 731  miles of operation had a neutralization number ot   3.09. and  its 
precipitation number, 0.8 was also high.    Several of the samples from  the   l.V'i 
'3) were also contaminated with other oils as evidenced by their viscosities. 

In general, the  laboratory evaluation of the used bis(2-ethylhexvl I adipate oils 
showed that the oils  from the different vehicles and engines were  in approximately 

The Arctic  Test Station  reported ( 5) that oil consumption was normal  and 
that this appeared to be a good c rankcase  lubricant for automotive  engines.     Though 
no lubrication failures were  reported crankshaft wear occurred during idling 
periods when oil pressure was low.    This seems to be a  reasonable explanation, 
as it is known that oil pressures decrease with decreasing viscosity and this  is 
a very low viscosity oil.    Wear on the heavy duty diesel engines was high.    Auto- 
motive equipment lubricated with   bis(2-et by lhexyl) adipate   cranked easily down to 
-4o°F  (3.4).   No starting aids or coolant heaters were necessary for starting at  -30   F 
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if the vehicles were  in good condition.    F.thcr capsules were used to scart the 
diesel engines.    At -50°F, bis(2-ethylhexyl) adipate has a viscosity of 400 cs 
which IF  so much below the  limiting crankcase oil viscosity of 4,500 is that very 
little battery power would be required to overcome the viscous drag of the lubri- 
cant.     This oil  is  regarded as a  border  line automotive c rankcase  lubricant be- 
cause  its   low viscosity makes  it   impossible to maintain adequate oil  pressure 
with conventional engines.    If the oil pressure could be maintained '.t is possible 
that this  oil  would  be  satisfactory  for  automotive  engines. 

Army experiment.i 1 oil  R EO- 15 -47 -A as also used ,>s a crankcase lubricant. 
This oil   is a dewaxed nanhthene base petroleum fraction of 8.9 c s (55 S.U.S.) 
viscosity al 100   F nrediluted with   10  percent   of ,i  gasoline  fraction.    Its  properties 
and those  of the used  oils  are  shown  in   Table  4.     This  oil   has  a  lower viscosity 
than  does   bis(2-ethylhexyll  adipate  and   is  therefore   lighter  than  a  SAP;  5 V.   oil. 
Samples received for analysis were all from a jeep.    The  greatest  changes taking 
place   in this  oil  with  service  were   increased   m viscosities and  pour points  due  to 
the evaporation of the gasoline diluent.    Neutralization numbers tended to approach 
•i value of   1.0.     The Arctic   lest Station reported that consumption  rates were ex- 
cessive  (3).     Though the  wear   rates  were not  excessive  in the jeep,  concern as 
to the   lubricating  ability of this  oil   in  heavy duty engines  was  expressed       Because 
of the  high oil  consumption,  extra  maintenance, variability  in oil  properties, and 
added f lammabil ity  hazards,    this  oil   is not   considered  suitable  for   Arctic   winter 
use. 

A   new  experimental   oil   was  developed  by  the   Army to   replace  the   REO-15-47. 
This new  oil  identified as REO-72-49 is a petroleum oil composition containing a 
viscosity index improver and MIL-0-2104 type additives.    It has been superseded 
by a  similar  oil  covered  bv  specification   Ml L-0-10295(ORD).     I he  properties of 
the   new   RF.O-72-49   oil shown  in   Table 4 are those  of  a   Ml L-0-10295(ORD) oil  as 
no sample  of the  former was   received for analysis.     REO-72-49 oils  were  used 
in the crankcases of a jeep, weasel and  D-6 Tractor.     The properties of the used 
oils are shown  in  Table 4. 

Viscosities of the samples of oil taken from the jeep and that of the sample 
taken from the tractor in   1 /Z0/S 1  are  lower than those of the new oil at   100  F 
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and L 10   F.    Samples from the jeep also have viscosities  lower than that of the 
new oil at subzero temperatures.     In contrast, the sample from the weasel and 
that from the tractor on   1 1 130/50 are considerably more viscous  than the new 
oil ever the entire temperature  range.    Dilution is not the cause of the  low vis- 
cosities  as  the  amount of dilution   m  both  series  of  samples UHS  low and  of the 
same magnitude.    Properties of the oils differ  so greatly that  contamination or 
in is la be ling  was  suspected until  the  Arctic   lest  Station   report was   received 
commenting  on the variabilities in  the  propert;es of different batches of new oils. 
With the   exception  of the  sample taken  from  the jeep on   1/15/51   which has  a   high 
neutralization number  (2.0), there  is no evidence of excessive  oxidation  or deteri- 
oration of these oils.     It  was   reported   '4)  that  thi>  oil   had  good  lubr < ating  pro- 
perties.    Engines could be started fairlv easily at ambient temperatures as low 

o 
as   -35   F without the use of coolant  heaters or  starting aids.     Pecause of the 
variabilities  in the properties of the new  oil and the  limited experience with ttv.s 
oil further testing  is recommended with the oil  in a variety of equipment 

t 
The  RPM  5W   mi  is a  blend of approximately half and  half  of a   synthetic 

polypropylene  oxide derivative  and  petroleum  oil  (()      Properties  of  the   new   RPM 
5W oil   Table 4, are those given bv  Miller and Gnlindo ' 6) as no sample of the new 
oil was available.     This oil is -.eel!  below  the n aximum viscosity for a  5 \\   oil, 
having a viscosity of t>^0 < s    at n   F as compared to the  H70 rs maximum for  5 V.' 
oils.     Its viscosity of 4.7 c s at  1 1 0 u F  is well a bove the minimum of   3 0 t s for  5 \\ 
oils but  is less than the minimum of 5  75 c s for  Mil  -0-10295 oils.    It is  presumed 
(6) that a  detergent and probablv other additives  were  incorporated   n the oil. 

Analysis of the used RPM  5W  oils   revealed that the- oils from  the weasels 
and HD-19 tractor  had viscometric  properties quite  similar 'o the unused oil. 
The sample from the jeep was more viscous .it   Sow  temperatures.    All of the 
samples  had nonr points of   -t>5   '•'      Neutralization numbers  of the  samples from 
the weasels were  rather  high, approximately .'  0 while those from the jeep and 
HD-19 tractor were much lower,  less than 0 o       1 he  small number  of samples 
examined and variations  in t lie i r properties n akes  it difficult to draw cone lusions 
as to  stability.    The Arctic  Test  Station  reported    4) that  this oil tended to be- 
come verv viscous  at  temperatures  below   -.10    !•       Visi ositv  determinations   re- 
veal  that these  oils  have approximately  the   same viscosity  >>t   -40   F  as  do  the 
M1L-0-10295(ORD) oils.    In fact,  they are  intermediate  in viscosity at this tem- 
perature to the  extremes of the  REO-72-49 oils      It  was also reported that at 
operating  temperatures ( 140   to   180° F) the oil  lost  body and the engine  lost power 
No  lubrication  failures  have  been   reported 

Gear  Oils 

Properties  oi   the  gear  oils  are  shown  in    I ables   5  to   11   inclusive.    Table  5 
lists the properties of the synthetic   Ucon   1  P-400X  oil used  in the differential, 
transmissions,  final  drives, and transfer  cases  of jeeps,   weasels,  D-e tractor 
and the Little Giant Tractor saw.    The used oils changed little in properties 
from those of the  new oil,  only  the   sample  from  the differential  of the tractor 
saw had a high neutralization number.     Though the oils change  little in physical 
or chemical properties with service several of the  samples contained metal 
particles.    Analysis of the metals present  in the  sample taken 2/3/4P from differ- 
ential of the jeep revealed the presence of large amounts of copper, lead, and tin 
in addition to iron and nickel.    It is  evident that besides the abrasion of the  steel 
gears the copper alloy bushings or  bearings were baaly worn.     The  same metallic 
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constituents were found in the  sample from the differential and transmission of a 
weasel.    The presence of these metals, in such large amounts, confirms the  re- 
port of the Arctic Test Station that abnormally high wear rates were observed 
in the differentials and transmissions of equipment   lubricated   with  the   oil. 
Evidently the  Ucon  LB-400X does not have sufficient "load carrying capacity"  to 
support the heavy loads developed by the gears and it is not recommended as a 
gear  lubricant. 

Properties of the  Ucon LB-140X a  lower viscosity grade oil than the 400X 
.ire  shown  in Table 7.    There is evidence of the  admixture of other oils  in the 
sample from  LVT{3) No.   2 taken on 2/4/49 as  it consisted of two liquid phases. 
The higher viscosity  Ucon oils are not completely miscible with petroleum oils. 
Though there is some variability in the properties  of the used oils, possibly due 
to contamination with other oils,  the used  Ucon  I.B-140X oils were not badly 
oxidized while in  service.    There was visual evidence of metal particles in sever- 
al  samples of the used oils and this was confirmed by the  report (3) of excessive 
wear  in vehicles using the oil as the gear lubricant.     High wear rates would be 
expected as the   140X  i>rade has the  same composition, though it is  less viscous, 
than the  Ucon   LR-400X oil.    It  is not  recommended as a  gear lubricant. 

The  Ucon   LB-140X-60 oil differs from the  Ucon  LB-140X   in that the former 
contains an extreme pressure additive.    This oil falls  in the SAE 75 grade as a 
transmission oil, see Table  6.     It was used in the differentials and transmissions 
of a jeep and weasels and  in the transmission and final drive of a D-6 tractor. 
Samples taken during the winter of   1949-50 have  somewhat  lower viscosities than 
those in the winter of   1950-51.    This is believed due to difference in production 
batches rather than to chances caus   d by  service use. 

No appreciable  changes  in  physical  or  chemical  properties  occured during 
service and the oils appeared to be  m uood condition.    There was no evidence of 
unusal wear  in the samples  submitted for analysis      The Arctic  Test Station  re- 
ported (3) excessive wear of jeep and weasel  transmissions  lubricated with this 
oil and later (4)  reported  satisfactory operation  in jeeps, weasels, and tractors. 
It  is suspected that the high wear  rates first  reported were due to the use  of the 
Ucon  L.B-140X which does not contain an extreme-pressure agent.    Though this 
oil gave satisfactory performance at the lowest temperature encountered,  -50°F". 
difficulties  in  shifting gears and excessive drag would become more apparent at 
lower temperatures.     Pecause of 'ts high pour point (-50   F) and viscosity, this 
oil is not suitable for use at temperatures down to -65   F. 

Properties of the   Ensign  561  (gear lubricant  are  shown  in Table  7.     I his oil 
does not conform to th»- new SAK requirements for transmission oils,    it  is less 
viscous than a  grade 90 oil  hut   it cannot qualify as a  grade  80 oil .is  its pour 
point is above  0   V.    Though no major  changes  in the properties of the oil due to 
service use were observed its  high pour point, above 0   I", makes it  unsuitable 
for Arctic winter use. 

Navy Symbol 9500 oil  is a  heavy-duty crankcase oil, SAE grade 50.    As a 
transmission oil it would be classified as SAE grade 90.    The proper'ies of the 
new oil  shown  in   Table 7 are those of a typical oil conforming to the specification 
and are not necessarily those of the new oil used in these tests.    There is a drop 
in the viscosity of the oil with service use.    Oils from the final drive had lower 
viscosities than did those of comparable service in the transmission.    However, 

RESTRICTED 
SECURITY INFORMATION 



RESTRICTED NAVAL   RESEARCH   LABORAYORY n 

!  J- 

u a 
So 

m. a. 

i-: 

* 

-». a  k 

* •• i 

-••" 

c 
B 
3 

1i 
I • 5   * 

S R3£      35 £3* RRR8 
IIIIIIUIIII 
ifMT^ffl fy i/s j tf> I*- _3 «*\ »*\ 
JI^)^»NO-J ITN^J ir ^ ^ *0 -£• 

•*•-, »r\ «^ •*••. r\j r\j I\J ,^ ir\ r^ (\j fj 

1111   IIUIIII     UIUUUU* 

f\i r— _j . y tv I/N r»  —I -* U*» O r: 

•^ i"V ^j ry r* «*N ^ Cj »r\ w\ »*   o 
«^\ W\  «Tv W- K\ (A ft "~ •  "^  rtMCN •* • 

«   • r- J". f--  o tf~ <^ i1 ~* C*  "^J   r> C* 

IS 
r- r— r - r- tr> r^ r~- «-• f- ^ r^ T 

D   OtfNiAU    ITJ- if J1  wi   IT* lA lA -" 

I o o o oooooooo 
f,   t   L   L   t   L   L 

ss 
*-      I.       U      V. 

ljS?S .-' ;. .? -_       - - --/-*4 Sis;: S^^'^3*. 
OOO O  O O a O o O O OOOOOOOOOOOOO 

& A a 

O O  O    I 

r*  S «A o^ ~s »f* •*. 
rt-K*o~ «i — t   i   i   >   •   i   )   t   •   i   i   i   i   i 

ft ft ft rj»A -     - • —i —• <%. ftj        ^-jfjojwvw 

J r> ^ 'M .t*-%A-TJ 3(»i^ r« ft w-"S r« ?\» — ••* ft *-• "SJ-1 ft H 

a ud 
'   •     •        ' *    • 

s   5 

CJ       _J cy ry . J 

•        *  • •  | 
« 1  I a   « 

f    3 

i s 

RESTRICTED 
SECURITY INFORMATION 



14 NAVAL   RESEARCH   LABORATORY RESTRICTED 

a   : 
5    B 

?        S§|     §§§§§; 
QJ^IT.        a a o O «•* 

tc 

-PI. 

a. ^ « 

SI? gSSSs- 
-o -*1 cy> <ciN ry »n <n       • 

M    "t   "•! ".    -*   <\(   -«    -H   >^\    *' 

SUN RC^iCRas' 

9  '• 

i    1 

n 

i - 
e 

I 

Uil 

r- o f— •r-, •») -3 r-- r* -< o 

«-»   O   O O   "   —I  Pg   J1 ,J   O 
•    > r» OOOOOOO 

3 
ooo o o o o o o o 

§ 

SS    ss^s-gfjs 

33     3333^ 

It 

?! 
u 
3 
a 

t 

21... 5 1 n \i 
i" a- 
it it t • E • 

*-• 5 »-  c 
-• • • •        +> 

ts t\ 

1    s 

ri |   ill   M'I   I   t 

• tlltliiti 

iii        i   i   i   i   i   i 
i 

iitiiiiiii 

i i i i « i i *   i 
i 

' asusssuKaa 

cy •St f*i —• —• CJ fy Cj CJ f» 

4>a<MMAao>Non 

r> ^    ..--•-- '     O o r> 

•*••   M-N H-    rfN «^\   „'     J    . -*   H-\ 
~OOOOTOO<^C 

• OOOrtOOOO'~> 

*   SRSSR8SSS3S 

i 
,-? i>* fy r* 

-\j  -•  ~  -2" —     I I 

•   i  I   » *"i 

i   i   i   i   i 

3§S§ 
RR5C 

§3g2S 

—    •  -.  O   I 

i i 
;S£Ri 

* 

^33|||||| 
(Vj**s-t Xj (M >4 ^«S-  „ 

• •        • 

2 * 

e 

1 

S f 

3 S 

Si 

RESTRICTED 
SECURITY INFORMATION 



RESTRICTED NAVAL   RESEARCH   LABORATORY 15 

, o 
t he relatively   high pour point.   -15   I-', ol  used oils . and t he  specification requi re- . o 
ment of + 15   F maximum pour point would eliminate tins oil from consideration 
as an Arctic  gear oil. 

Properties of the RGO-2R-47   ;ear uils are shown in   tables R and 9.     Fins 
oil is nov,   i ove red by spe< if u at ton  Ml I.- 1.- 10 324 (OR D)      I'hey are  less viscous 
than the lightest oil covered by the SA E transmission i lassification, grade 75. 
Table 8 lists the properties of the oils user! in differentials,   transmissions, und 
transfer eases of jeeps,   Table P gives the properties of oils used in the differen- 
tials, transmissions, and final drives of weasels and .•  I! - R tractor.    Because of 
the non-Newtonian nature oi these oils at lov.  temperatures, 'he viscosities 
shown .it subzero temperatures are approximate, 

Properties ot the used oils from the jeep .trv extren ely variable     A number 
of samples have much higher viscosities and pour points than the ne* o;!     !t  is 
possible that  some  increase in pour point and viscosity could be attributed to "'.1 
deterioration during use but the changes are so great that contamination with 
more viscous oils  is  suspected  in a mjaority of  instances      Additional evidence 
of contamination  is that  the i hanges  in pronert.es are not  regular,  i.e    there    s 
no orderly increase or decrease m viscosity or pour point with use.    lor examole 
;he samples from the differentia! of Jeep No.   1 .ifter  zero,   1-12.  2 J1 .   VM. 590, and 
^81  nules of oneration have the following v  siosit.es  in centistokes .it   100   F: 
12.3,  M.S.   17.6,   16.2,   15 R, and  IS 0.    At   -40°F,their viscosities are   2,400, 
5,000,  10.000,  1 J 000, 6,000 and ' .^oo     Their pour points show ;< similar varia- 
bility.    Oils taken from the  transmission of this jeep after comparable mileages 
show changes  similar to those for the differential oils     Other used oil samples 
have nroperties closely approximating those of the neu   oil, as exemplified  by 
samples from   tront differential of Jeep N'o    2 on   1   9/51,   rear differential   >f 
Jeep No.  2 on   I '2/51, transmission of jeep Inewl on   3    3   4K, and. transmission 
of Jeen  No.   1   on  9   29/48.    All  of  these   samples  had  lov*.   pre* ipitation numbers 
but there  is  some variability in their neutralization  numbers.    It is possible  that 
difference  in the neutralization numbers of different  procurement  batches  of oil 
may  be   responsible  for part of the variability observed 

Other samples of oil  show  very (great changes  in properties after comparable 
service, e.g.  the  sample taken from  the  front differential  of the jeep on  b   7   4 S 
after   165 mtles  of   operation had a viscosity of  30.9 <• s at   100  F and   IS.000 rs at 
0°F.    Its pour point was  - 30°r      Six out id  the   37 samples of used RGO-28-47 oils 
had  pour points above  -40   F.    It is  suspected that the used oil  samples with 
physical  properties greatly different  from those of the new oil   Acre caused  by 
contamination or admixture with other oils.    All of the used oils had low precipi- 
tation numbers and the neutralisation numbers were  relatively constant at about 
0.8 to 0  9,  evidence  that  the  oil  u;is   reasonably  stable and that  the  additive  con- 
tent  had not  changed appreciably. 

Samples of RGO-2R-47 from the weasels and D-R tractor,   1 able 9, are not 
as v.-riable in properties as those from the jeep,   Table H.    The exceptions are 
samples taken in the winter of 1951 from the final drives of the D-R t rat tor      these 
sain pics have viscosities of 21.6 to 43.2 is at  100 F .is compared to  12. > z s for 
the new oil.     Evidently they contain varying proportions of a more viscous oil. 
In general, the used oil samples from these vehicles do not differ greatly  in 
viscosities and pour points from those of the original unused oil irrespective of 
their use, i.e.  differential, transmission or, final-drive gear oils.    None of the 
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samples had appreciable precipitation numbers but there is a greater variation 
in neutralization numbers.    Samples taken during the winter of  1948-49 had 
neutralization number of approximately 0.9 while those from the winter of  19*5 0 - 
51  had a value of approximately 0.5.    This  is attributed to differences  in the 
original neutralization numbers of the different  lots.    Possibly a  lesser amount 
or a different extreme-pressure additive was used  in the preparation of the oils. 

Though the used RGO-28-47 oils  show great variations in properties, this 
is attributed to the admixture of other oils  rather than to oil deterioration.    A 
sufficient number of the used oil samples have properties  so similar to those of 
the new oil that  it is beleived justifiable to conclude that the  RGO-2R-47 or  M1L- 
L-10324(ORD) gear oils show no evidence of excessive deterioration during use 
in the various vehicles and applications     The Arctic  Test  Station  reports  satis- 
factory operation with this oil  (3, 4), gears   shifted easily, and there was no evi- 
dence of sluggish vehicle operation down to  -50   F.    No indications of excessive 
wear were observed. 

Properties of the  Keystone  78-6 Hypoid gear oil are  shown in Tables  10 and 
11.    This oil has   a viscosity of 8 17 cs at 0   F as compared to the maximum of 
3,268 cs for a SAE grade 75 gear oil.    It is considerably more viscous than the 
RGO-28-47 oil (817 cs as compared to 2 30 cs) and has a  higher pour point. 
Table   10 gives the properties of the  oil after use  in differentials,  transmissions, 
and transfer cases of jeeps and weasels.    Viscosities of the oils taken from Jeep 
No.  2 are so much lower than that of the new oil that it  is  suspected that  it has 
been contaminated with another oil. probably RGO-28-47.   Pour points of the oils, 
except those that are obviouslv   mislabeled or contaminated, vary from  -45     to 
-60 F,    The  lowering of the pour points of the used oils may be a  result of a 
better dispersion of the additive due to the  shearing action of the gears.    The 
Arctic  Test Station reports (3) that some material   settles   out of this oil on 
standing.    It is  probable that the upper  oil  layer would  have a  lower  pour  point 
than the lower layer.    Therefore, the lower pour points of the used samples could 
be due to the precipitation of the additive  in the original container or while in the 
vehicles.    The viscosities of the majority of the oils had changed very little. 
Precipitation numbers were generally around 0. 1 .which is not excessive,  and 
neutralization numbers varied from 0.4 to  1.0.     These variations may be a mani- 
festation of the precipitation of the extreme pressure agent. 

Properties of the gear oils used in LVT(3)'s. D-6 and D-8 tractors are given 
in Table 11. A number of samples in this series are evidently mislabled or c on - 
taminated since their viscosities at 100 F are much greater than that of the new 
oil.    Several had viscosities of 73 cs at   100   F as compared to 20.7 cs for the 
new on.    wirier   set triple a  imu vmusiucs inicrnieutaic iw mesr   values.    Oampies 
with the high viscosities also had much higher pour points, up to -5   I".    In general, 
the pour points of the used oils were approximately the  same as that of the new 
oil,  -45   F.    A few samples had lower pour points, possibly due to the better dis- 
persion of the additive or to its precipitation.    About half of the used oils had 
properties  similar to those of the new oil and showed little evidence of oxidation 
or deterioration. 

Except for the precipitation of addit-ves, the Arctic Test Station reports that 
this gear oil gave satisfactory performance in all vehicles and equipment down to 
temperatures of -50 F. No excessive wear was observed; gears could be shifted 
easily, and there was no appreciable drag on the vehicles.    As this lubricant has 
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a pour point of -45   F, difficulties with gear shifting,  stiff axles and channeling 
would be expected at lower temperatures.    This oil appears to be marginal as an 
Arctic winter gear oil. 

SUMMARY AND CONCLUSIONS 

The two crankcase oils containing volatile diluents, REO- 15-47 and the Key- 
stone 20W (60 percent) - Velo A '40 percent) show great variations in properties 
due to the evaporation of the diluent     The extra maintenance required because of 
the high oil consumption; the increase in low temperature viscosities and pour 
points make these oils unsuited for Arctic winter use.    The synthetic  Ucon LB- 
140X though giving satisfactory performance and lubrication at operating tem- 
peratures and startability at temperatures down to -20°F becomes so viscous at 
temperatures below -10   F that starting engines becomes difficult.    Its pour point 
of -45°F is also too high for satisfactory winter serivce where even lower tem- 
peratures may be encountered. 

Bis (2-ethylhexyl)adipate oils, identified as  PSP- 14 and Adipol 2EH, are 
apparently on the border line of viscosity at operating temperatures for automo- 
tive engines.    It seems probable that the oil pressure ^ annot be maintained at a 
level    high enough to assure adequate lubrication.    In heavy duty diesel engines, 
wear is much greater.    Though this oil allows easier  starting at subzero temper- 
atures, its viscosity is too low at operating temperatures for the satisfactory 
lubrication of heavy-duty engines. 

The used REO-72-49 or MIL-0-10295(ORD) oils were extremely variable in 
properties   ranging  from 4.0 to 7.1 cs at 210°F and from  3,100 to 26,000 cs at 
-40   F.   Differences in dilution were not great enough to account for these varia- 
tions (1, 4).    The Arctic Test Station reports considerable differences in the 
properties of the new REO-72-49 oils which probably accounts for the variations 
observed in the used oils.    This oil is considered the most suitable Arctic winter 
crankcase oil by the Arctic Test Station as engines could be started fairly easily 
at ambient temperatures as low as -35   F without the use of coolant heaters or 
starting aids.    Consumption rates were rormal and less wear was observed in 
the heavy duty diesel engines using this oil.    Some used oils had pour points as 
high as -45°   and - 50°F which is above the maximum of -65°F.    His possible that 
these  high pour points were due to contamination with other oils. 

Properties of the used RPM-5VV oils were fairly consistent, all having pour 
points of  -65°F.    Two of the samples had high neutralization numbers but there 
was   no   maior   chance   in nhu^ira!   nrnncrlip*       R*»rs«u««»   nnlv four  «nmr»1»»c  M.'OTO 

available, two of which had much lower neutralization numbers, no conclusions 
can be made as to their oxidation stability.    Low temperature viscosities of the 
oils do not bear out the Arctic Test Station report that this oil becomes very 
viscous at temperatures below -20°F.    The viscosity of the oils examined at 
-40° F were intermediate between the extremes of the REO-72-49 oils.    Viscosi- 
ties at 100°and 210°F revealed no unusal drop in viscosity as reported by the 
Arctic Test Station.   Oil consumption was said to be high and adequate lubrica- 
tion was not attained in diesel engines. 

Three unusal requirements are   asked of Arctic winter crankcase oils. 
I.   They should have the lowest possible viscosity at subzero temperatures to 
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facilitate starting with the least number of starting aids.    Viscosities at -40°F 
and lower temperatures are desired that are comparable to those of a conven- 
lonal Oil at 0° F .    II.    Viscosities must be sufficiently high at operating tempera- 

tures which approximate normal operating temperatures, to maintain an adequate 
oil pressure and oil him to prevent excessive wear.    III.    The oil must have a 
boiling point high enough so that consumption will not be excessively high and so 
that it will not volatilize from hot cylinder walls leaving an inadequate oil film 
No known oil, petroleum or synthetic, fills the  requirements for such a crank- 
case oil.     Therefore, a compromise must be made with some  sacrifice at either 
operating or at starting temperatures. 

KX,T   
R/'?rL2".49' a Petroleum base oil containing a viscosity index improver   and 

MIL-0-2 104 type additives, is a   compromise oil.    Some  sacrifice in the low- 
temperature viscosities were made to obtain higher viscosities at operating tem- 
peratures.    M1L-0-10295(ORD) oils have  similar properties but this  specification 
allows  latitude as to composition in that oil may be petroleum or  syr/.hetic  or a 
combination of the two.    The  RPM  5W oil ,s also a  compromise, havm •  ,   lower 
viscosity at operating temperatures than the REO-72-49 or  MlL-0- 10295(ORD) 
type  oils  but approximately the  same   low  temperature viscosity characteristics 
A crankcase oil having the viscosity of that of a  MIL-0-10295 oil at 2 10°F but 
with lower viscosities at  subzero temperatures could be prepared by using a 
larger amount of  synthetic  oil  or a wholly  synthetic  oil.     This would increase the 
cost, but if operational characteristics were improved sufficiently it would  be 
warranted. 

The  Leon  LR-140X and  U< on   LB-400X oils were unsatisfactory as gear oils 
because of their inability to support the heavy  load developed by the gears.    Excess- 
ive gear wear and failure were  reported when these oils were used as ^ear  lubri- 
cants.    Navy Symbol 9500 oil and  Ensign 5 61 are not  suitable as Arctic winter 
gear oils because  of their high viscosities and pour points.    The former, a heavy- 
duty crankcase oil, probably would be unsuitable as a year  lubricant because of 
its inability to support the loads developed. 

Ucon LB- 140X-t.O differs from  Ucon  LB- 140X uils inthat the former contains 
an extreme pressure agent.     This oil showed no evidence of excessive oxidation 
or deterioration during service.    Its operational characteristics were  satisfactory 
down to -50   F, the  lowest temperature encountered      Wear  rates were normal 
and no lubrication failures were  reported. Satisfactory operation with the Key- 
stone 7R-6Hypoid  gear  lubricant was also attained down t>;  -50°F with no evidence 
of excessive wear or lubrication failures      The decrease in pour points of the 
used oils could  be attributed to the precipitation of the additive or to their better 
dispersion in  service due to the shearing action of the  t>ears.    Though there was 
iittle evidence ot oxidation instability or deterioration  in the used oils the tendency 
of a component, probably the extreme pressure additive, to separate during stor- 
age could lead to trouble.    Wear   rates   would   increase   as   the   concentration 
of the extreme pressure additive decreased.    Both the  Ucon LP-140X-60 and 
Keystone 78-6 gear oils have pour points of  -4S°  to -50°F.    At lower temperatures, 
excessive drag and difficulty in shifting gears would be expected.    The channeling 
of the gears through the lubricant leaving them unlubricated also becomes prob- 
able.    These gear oils are considered marginal for Arctic winter use because 
their pour points of -45   F are above  -65°F, the lowest temperature expected. 
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The conclusions based on the  results of the analyses  of the used RGO-28-47 
or  MIL- L- 10 324(ORD) gear oils are obscured by mislabeled or contaminated 
samples.     However, from the number of samples  showing little changes in pro- 
perties during service it appears  th.it this oil is adequately stable.    The Arctic 
rest Station reports that it  has giver  satisfactory service in jeeps, weasels, and 
tractors at temperatures from   • iO     to  -SO  F.    Consumption was low and wear 
rates normal.    Because of its  low viscosities .it  sub/cro temperatures and pour 
point of below-65   F.it  appears  to be the most suitable year lubricant for Arctic 
winter use evaluated to (fate. 
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